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Abstract Dietary intervention studies in COPD patients often are short-term inpatient studies where a certain
amountof extra energyis guaranteed.The aimofthis studywas to evaluate the effectof an1year individualmultifaceted
dietaryinterventionduringmultidisciplinaryrehabilitation.Eighty-sevenpatientswith severeCOPD, notdemandingoxy-
gen therapy were included, 24 of them served as controls. Adietaryhistory interview was performed at baseline and at
studyend.Dietary advice givenwerebased onresults fromthe dietaryhistory and socio-economic status.The interven-
tion group was divided into three parts;NW: normal weight (dietary advice given aiming to weight maintenance),OW:
overweight (weight-reducing advice) and UW: underweight (dietary advise based on an energy- and protein-rich diet).
Results:UW-group:Eighty-onepercentofthepatientsgainedweightorkept a stableweight.OW-group:Fifty-sevenper
centlostmorethan 2 kg.NW-group:Seventy-sixpercentkept a stableweightorgainedweight.Increaseddietaryintake
from baseline was seen for energy, protein, carbohydrates and certain micronutrients (Po0.05) in the UW group. Six
minuteswalking distance increased by approximately 20m in both NW (Po0.05) and UW patients.To conclude, slight,
butuniform, indicationsofpositive effectsofdietaryinterventionduringmultidisciplinaryrehabilitationwasseen.Dietary
intervention inunderweight COPD patientsmight be a prerequisite for physical training.r2002 Elsevier Science Ltd
doi:10.1053/rmed.2001.1278, available online at http://www.idealibrary.comon
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Patients with chronic obstructive pulmonary disease
(COPD) often have a reduced nutritional status (1). Sev-
eral factors seem to contribute tomalnutrition. It is sug-
gested that the reduction in nutritional status may be
due to increased basal metabolic rate (BMR), reduced
energy intake from food, and/or increased energy cost
of physical activity (2).
Malnutrition in COPD patients is associated with loss
of musclemass and impairedmuscle function (3). Malnu-
trition and low body weight in COPD is a strong predic-
tor for increasedmortality risk (4).
Overweight does also occur in COPD patients andmay
constitute aproblem.The energycost forphysical activity is
increased and extreme obesity decreases lung function (5).
Studies of dietary intervention so far have been fo-
cused on severely malnourished patients. Most earlier
studies are short-term inpatient studies in which a cer-Received1October 2001, accepted in revised form 27 November 2001.
Correspondence shouldbe addressed to: Frode Slinde,The Sahlgrenska
Academy at G˛teborg University,Department of Clinical Nutrition,
P.O.Box 459, 405 30 G˛teborg, Sweden.
Fax: +46 3182 94 75; E-mail: frode.slinde@nutrition.gu.setain amount of extra energy has been guaranteed (6)
The main focus of these studies have been to demon-
strate that body mass can be increased in this patient
group. Few outpatient dietary intervention studies have
been reported (7^13).Most of these studies included few
subjects and had relatively short duration (8 weeks ^ 4
months).
Theworkof a dietician consists of performing a dietary
history and analysing nutritional statuswith the aim of giv-
ingindividualdietaryadvice tobothunderweight and over-
weightpatients, and follow-up of patientsmostoften in an
open clinical setting. Such dietary intervention is often in-
cluded in multidisciplinary rehabilitation programmes of
COPD patients.The e¡ect of this type of long-termdiete-
tic intervention has so far not been evaluated.
The aim of the present study was to evaluate the ef-
fect of individual, multifaceted dietary intervention in a
sample of COPD patients taking part in a multidisciplin-
ary rehabilitation programme.
MATERIALSANDMETHODS
The patients in this study were included from two
prospective studies of multidisciplinary rehabilitation
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the Department of Respiratory Medicine, Sahlgrenska
University Hospital, Gothenburg, Sweden. The rehabili-
tation programme is carefully presented by Engstr˛m et
al (14).The ¢rst study comprised 50 patients randomised
to a rehabilitation group and a control group. Subjects in
the control group were given ordinary medical treat-
ment, but no rehabilitation (14). Improvement in physical
functioning as expected from similar international stu-
dies was documented in the intervention group. As in
most similar studies no signi¢cant e¡ect on quality of life
was noticed asmeasuredby the SGRQ and the SIP ques-
tionnaire.The second study (to be published) compared
the e¡ect of the intervention programme of study num-
ber one with this programme supplemented by group
psychotherapy. The cases of the ¢rst study and all pa-
tients in the second study constitute the cases of the
present study. The control subjects of the ¢rst study
serve as controls in the present study. In both studies
identical inclusion criteria were applied. Patients aged
40^75 with COPD with a forced expiratory volume in
1s (FEV1)o50%of predicted andwith no demandofoxy-
gen therapy were included. All of thepatientswere smo-
kers or former smokers with a smoking history of at
least 10 pack years. Exclusion criteria were other dis-
abling or severe diseases and/or coexistence of other
causes of impaired pulmonary function. Patients with a
history that indicated asthma were excluded. None of
the subjects had an acute exacerbation at the time of in-
vestigation. Patients were included consecutively and
were randomly allocated to treatment regimes.The de-
cision to make the present analysis was, however, retro-
spective. No dietary intervention was given to the
control group.
Ninety-three patients were included in the present
study (69 cases and 24 controls). The subjects gave
written informed consent to the study and the study
was approved by the Ethical Committee of G˛teborg
University.
Study design
Assessment of diet andphysical activity with dietary his-
tory was performed in the patients in the intervention
group at study start and study end after 12 months.
Anthropometric measurements, bioelectrical impe-
dance assessment,measurements of FEV1, 6 -minwalking
distance were done at start and after 3, 6, 9, and 12
months.The 6-minwalking distance testwas performed
by the same nurse at each occasion and all patients had
one training test before the study started. Individualised
dietary advice and follow-up by the dieticianwere routi-
nely done at study start and after 3, 6, 9, and 12 months
and when judged needed by the dietician. The patients
trained on a bicycle under the supervision of a phy-siotherapist.Training also included breathing techniques
and arm-training. Each session lasted 45min. At study
start patients were trained twice a week.Underweight
patients did not receive training if a weight reduction
was observed. A home training programme was intro-
duced which by time substituted supervised training.
The time for changing from supervised to home-based
training was individualised after each patients need.
Further information of the training programme is pub-
lished by Engstr˛m et al. (14).
The control subjects hadno contactwith the dietician
or the physiotherapist, but performed anthropometric
assessment, bioelectrical impedance assessment, and
measurements of lung health parameters at baseline
and study end.
Body composition assessment
Height was measured to the nearest 0.5 cm, and weight
was measured on a Lindelltronic Scale to the nearest
0.1kg.The subjectswore light clothing during thesemea-
surements. The weights were compared with a normal
Swedish elderlypopulation (15).Theweightof the patient
as a percentage of theweight of that populationwas de-
¢ned as % referenceweight (%IBW).
Single-frequency bioelectrical impedance assessment
wasperformed to calculate thebodycomposition. Impe-
dancewasmeasuredbyone singlemeasurementof resis-
tance (in O) and reactance (in O) with a BIA-101
equipment (Akern Florence, Italy). The four electrodes
were attached on the dorsal side of the foot and the an-
kle and on the dorsal side of the hand and the wrist at
the right side of the body. Body composition was calcu-
lated using manufacturer supplied equations, based on
comparisonwith densitometry in a normal population.
Physiologicalmeasurements
Routine spirometry was performed with a Vitalograph
spirometer (Selefa, Buckingham, Ireland) before and
15min after inhalation of 1mg terbutaline to reach opti-
mal standardisation. A 6-min walking distance test was
performed following standardised instructions (16).
Nutritional assessment anddietary
intervention
A trained dietician interviewed each patient in the inter-
vention group. The dietary history interview, which
lasted between 45min and 1h, contained questions re-
garding frequency of foods consumed, portion sizes,
usual meal pattern over the previous 6 months and an
estimation of physical activity level. For nutrient calcula-
tion we used the nutrient software program ‘‘Dietist’’
using the ‘‘Swedish Food Data Base (1986)’’ from the
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terviewed about their home environment, e.g. civil sta-
tus, who prepares the food, who makes the food
purchasing, socio-economic status, and food-related
problems. It was also notedwhether the patient or a re-
lative had noticed any changes in food intake during the
lastmonths.The answer to these questionsmade it pos-
sible to personalise the dietary advice given and also
made those easier to follow for the patient.The results
from the dietary history interview consisted the back-
ground for the individual dietary advice given to the
patients in the intervention group. National recommen-
dations were used as the background for estimation of
energy requirements.One of the aims of the dietary ad-
vicewas to give thepatient an adequate intake of energy,
in order to give maximal e¡ect of physical training and
reducingmalnutrition.
The patients in the intervention group were divided
into four groups after the following criteria: (NW)Nor-
mal, stable weight. (OW) Intervention due to over-
weight, %IBW 4110%. (UW1) Intervention due to
unintentionalweight loss. %IBW still inside normal range
and patients reporting weight loss the year before study
start. (UW2) Interventiondue tomalnutrition,%IBWo
90%.
The patients in the four intervention groups got indi-
vidual counselling from the dietician during the study
year. If the dietary history showed low intake of micro-
nutrients, e.g. vitamin C, advice intended to increase the
low intakewere given.E¡ort was alsomade to correct a
wrong balance between the energy-providing nutrients;
fat, carbohydrates and protein. Beside these advice the
normal weight patients were given dietary advice in or-
der to stabilise the body weight, group OW was given
individualised weight-reducing advice (reduce energy in-
take, reduce fat intake, increase intake of ¢bre) and the
two UW groups were given advice intended to increase
their body weight. Advice given to the UW group were
based on an energy- and protein-rich diet and consisted
of simple individualised advice of how to increase the en-
ergy intake with ordinary foods in an attempt to gain
weight or to stop further unintentional weight loss.The
patients in the UW groups were also o¡ered free avail-
ability of nutritional supplements containing energy.They
were given the choicebetween seven di¡erent liquid sup-
plements.The threemost frequentlychosen supplements
were Medadrinks, Semper Komplett NNrings and Nu-
tridrinks which all give between 4.2 and 6.3kJ/ml.
All the patients got corrective advice if the dietary his-
tory showed low intakes of micronutrients. The advice
meant to increase theintake of foods containing ahighlevel
of the speci¢c nutrient.E.g. a dietaryhistory showing a low
intake of calcium led to advice about increasing intake of
dairyproducts orotherwise take calcium supplementation.
The minimum contact with the dietician in the inter-
vention groupwas set to be ¢ve consultations during thestudy year, at baseline, month three, six, nine, and study
end and the patients were o¡ered to contact the dieti-
cian for dietary consultations whenever they felt a need
for that. Some subjects consulted the dietician 20 times
during the study year. A change in weight of 2kg was
chosen as a sign of clinically signi¢cant weight change
over the 12-month period since this has been shown to
decreasemortality risk(18).
Statistical analysis
All results are presented asmean and standard deviation
(SD). To detect di¡erences between the intervention
group and control group, an unpaired t-test was used.
Changes from baseline to study end were detected with
a Student’s t-test.The level of statistical signi¢cance was
chosen at Po0.05.
RESULTS
Six patients in the intervention group did not complete
the study. Two died, one received oxygen treatment,
one was diagnosed with cancer and two patients under-
went major surgery. These patients are not included in
the analysis.Table1describes the remaining intervention
group and the control group at baseline. No signi¢cant
di¡erences between the control and the intervention
group were detected. There was an equal number of
men and women.Their disease as judged from the FEV1
was severe according to ERS criteria (19)with a FEV1 ran-
ging from 21 to 46% of predicted normal. Twenty-four
percent of the patients had a BMI under 20kg/m2 and
31% of the patients had a BMI over 25kg/m2. Only 45%
of the patients had a BMI between 20 and 25kg/m2 (nor-
mal weight).
Dietary history
Table 2 shows changes in intake in some selected nutri-
ents frombaseline to study end in the di¡erent interven-
tion groups. Mean energy intake increased statistically
signi¢cant in the UW group. The OW group showed a
signi¢cant decrease in mean energy intake. Patients in
the UW group improved the quality of their nutrition
with an increased intake of calcium, iron, vitamins C
and D. The di¡erence from baseline was statistically
signi¢cant for calcium, iron and vitamin C.The intake in
micronutrients in the NW group was unchanged while
the OW group reduced their intake of vitamins D
and E. Looking atmacronutrients, themost pronounced
change is a reduction in fat intake in the OW group,
which may explain the observed, and intended, reduc-
tion of energy intake. The UW group, which had a
statistically signi¢cant increase in energy intake, also re-
duced their fat energy percentage intake, meaning that
TABLE 1. Description ofthe subjects [mean (SD)]
Women in intervention group (n= 34) Womenin controlgroup (n= 11)
Age (years) 63?4 (6?9) 66?3 (5?4)
Weight (kg) 61?9 (9?9) 64?0 (12?5)
Height (cm) 162?7 (5?6) 164?7 (6?4)
BMI (kg/m2) 23?4 (3?9) 23?6 (4?5)
FEV1 (% predicted) 36?6 (14?9) 35?0 (10?3)
% referenceweight 95?0 (15?6) 96?4 (18?1)
% body fat 29?5 (8?1) 32?6 (8?8)
Men in intervention group (n= 29) Menin controlgroup (n= 13)
Age (years) 65?8 (6?2) 67?2 (5?8)
Weight (kg) 69?6 (12?7) 71?5 (14?6)
Height (cm) 174?8 (6?8) 177?3 (6?2)
BMI (kg/m2) 22?7 (3?5) 22?7 (4?2)
FEV1 (% predicted) 33?3 (11?0) 33?4 (10?6)
% referenceweight 89?3 (13?9) 89?8 (17?0)
% body fat 20?3 (7?5) 18?8 (7?5)
TABLE 2. Intake of energy and some selected nutrients presented as intake perday in g/mg/mg and energypercentage [mean
(SD)]
Intervention group Energy (kJ) Fat (g) Fat (E%) Carbohydrate (g) Carbohydrate (E%) Protein (g) Protein (E%)
NW (n= 25) study start 8251 (3887) 73?4 (31?3) 34?1 (6?5) 246?9 (149?0) 48?6 (7?1) 76?3 (27?7) 16?0 (2?7)
NW (n= 25) studyend 7531 (2377) 61?0 (24?1)* 30?3 (6?7)* 231?8 (84?3) 51?4 (8?0) 75?7 (25?7) 16?9 (2?9)
UW (n= 30w) study start 7908 (2015) 76?8 (23?2) 36?7 (5?4) 220?7 (68?2) 46?2 (5?4) 71?2 (17?9) 15?3 (2?7)
UW (n= 30w) studyend 8571 (2420)* 80?0 (27?3) 34?9 (4?7) 247?1 (77?7)* 48?0 (6?4) 82?0 (19?3)* 16?5 (3?6)
OW (n= 7) study start 7782 (1707) 70?7 (29?2) 33?4 (10?6) 240?6 (53?4) 52?9 (13?3) 63?9 (26?5) 13?4 (3?9)
OW (n= 7) studyend 5343 (1096)* 39?0 (15?0)* 27?0 (6?3) 172?6 (32?2) 54?6 (6?1) 60?2 (17?3) 18?7 (3?5)*
Ca (mg) Fe (mg) Vitamin D (mg) Vitamin A (mg) Vitamin E (mg) Vitamin C (mg)
NW (n= 25) study start 997 (446) 14?4 (6?6) 5?2 (4?4) 1?3 (0?7) 6?6 (3?9) 73?5 (63?2)
NW (n= 25) studyend 1029 (414) 14?3 (6?7) 5?6 (4?8) 1?1 (0?6) 6?1 (3?2) 86?7 (58?9)
UW (n= 30w) study start 974 (386) 12?4 (4?3) 4?5 (2?7) 1?0 (0?6) 6?4 (3?1) 50?0 (37?7)
UW (n= 30w) studyend 1175 (481)* 14?8 (4?8)* 5?1 (2?1) 1?1 (0?8) 6?6 (3?8) 79?1 (44?3)*
OW (n= 7) study start 979 (430) 12?6 (2?4) 4?6 (1?7) 1?1 (0?8) 6?0 (2?3) 96?7 (120?8)
OW (n= 7) studyend 889 (481) 10?1 (3?6) 2?7 (1?7)* 0?6 (0?3) 3?4 (1?6)* 78?9 (66?4)
*Po0?05 change from study start.
wOne UW subjectwasnot able to complete the dietaryhistory.
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in fat.This may also explain the increase of the micronu-
trient intake.
Other variables
The changes in body weight during the study year in the
three intervention groups are presented inTable 3. Bodyweight at 3, 6, 9, and12 months was higher than at base-
line in the UW group. The increase was statistically
signi¢cant at month three and six. There was no signi¢-
cant di¡erence compared to underweight controls at 12
months (Table 4). The largest mean increase in the
UW group was at 6 months. In the OW group mean
weight was lower than baseline at 3, 6, 9, and12 months
but the di¡erence, amounting approximately to 4kgwas
not statistically signi¢cant. The NW group showed a
TABLE 3. Weight £uctuations during the study year [mean (SD)]
Study start (kg) After 3 months (kg) After 6 months (kg) After 9 months (kg) Studyend (kg)
NW (n= 25) 71?3 (8?8) 71?6 (9?3) 72?2 (10?0)* 71?8 (10?0) 71?6 (9?6)
UW (n= 31) 57?6 (8?9) 58?7 (8?8)* 58?9 (9?4)* 58?3 (9?8) 58?2 (9?9)
OW (n= 7) 79?5 (6?9) 77?8 (7?2) 77?2 (6?2) 76?5 (6?4) 75?6 (5?8)
*Po0.05 change from study start.
TABLE 4. Results in outcomevariables [mean (SD)]
Intervention group Weight (kg) BMI (kg/m2) 6-minwalkingdistance (m) % body fat
NW (n= 25) study start 71?3 (8?8) 24?8 (1?3) 357 (63) 28?4 (5?8)
NW (n= 25) studyend 71?6 (9?6) 25?0 (1?5) 380 (77)* 28?9 (6?3)
UW (n= 31) study start 57?6 (8?9) 20?2 (2?5) 323 (85) 20?0 (8?3)
UW (n= 31) studyend 58?2 (9?9) 20?4 (2?5) 348 (108) 20?6 (7?8)
OW (n= 7) study start 79?5 (6?9) 29?5 (1?0) 269 (62) 37?3 (4?8)
OW (n= 7) studyend 75?6 (5?8) 28?2 (2?1) 269 (107) 35?6 (6?8)
Controlgroup
NW (n= 9) study start 71?5 (9?2) 24?4 (1.4) 316 (89) 25?9 (7?5)
NW (n= 9) studyend 70?3 (8?9) 24?0 (1?6) 297 (100) 24?8 (6?7)
UW (n= 9) study start 55?2 (8?2) 18?4 (1?7) 306 (78) 19?0 (6?7)
UW (n= 9) studyend 55?9 (8?0) 18?6 (1?6) 304 (121) 19?3 (6?3)
OW (n= 6) study start 82?2 (9?7) 28?3 (0?9) 298 (60) 36?8 (7?9)
OW (n= 6) studyend 80?9 (8?9) 28?1 (1?5) 309 (97) 37?4 (7?4)
*Po0.05 change from study start.
TABLE 5. Number (percentage of group) of subjects that increase, decrease orhave a stableweight inthe di¡erentgroups
Increase42 kg Stable (72 kg) Decrease42 kg
WomengroupNW (n= 14) 5 (36%) 5 (36%) 4 (29%)
Womengroup UW (n= 15) 5 (33%) 6 (40%) 4 (27%)
WomengroupOW (n= 5) 0 3 (60%) 2 (40%)
Men group NW (n= 11) 2 (18%) 7 (64%) 2 (18%)
Men group UW (n= 16) 7 (44%) 7 (44%) 2 (13%)
Men group OW (n= 2) 0 0 2 (100%)
334 RESPIRATORYMEDICINEstatistically signi¢cant increase in body weight after 6
months.
In theNWandUWgroups therewas an increase in 6-
min walking distance as shown inTable 4. The mean in-
crease was 20m which was a statistically signi¢cant im-
provement for the NW group. Small, non-signi¢cant
changes in body fat percentage in the desired direction
were seen in the UWand OW groups.
Individual changes in body weight over 12 months as
chosen to be clinically signi¢cant are shown in Table 5.
There is a tendency towards a change in the expected
direction in the underweight men among which weight
increased in seven but decreased in only two subjects.
There is a clear tendency towards weight loss in bothOW men and women. No tendency to weight change
was seen in the NW group.
DISCUSSION
This is the ¢rst study, as far as we know, inwhich results
of long-term dietary intervention has been reported in a
group of COPD patients, selected regardless of their
body composition. Selectionwasbased on lung function,
need of oxygen therapy and the patient’s willingness to
take part in a multidisciplinary rehabilitation pro-
gramme.The occurrence of malnutrition in the present
patient group is similar to what has been reported from
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presentative for COPD patients with severe disease not
demanding oxygen therapy.
Although few signi¢cant di¡erences were noted in the
present study and no signi¢cant di¡erences between
case and controls, multiple observations speak in the di-
rection that there were positive e¡ects of the dietary
intervention especially in the underweight group. In this
group, energy intake increased, the intake of nutrients
increased, body weight was slightly higher than baseline
during the whole study and signi¢cantly so already after
3 months. Thirty-nine per cent of the UW group in-
creased more than 2kg in body weight, while only 19%
decreased more than 2kg in body weight. After 12
months therewas a slightmean increase in body weight.
Dietary intervention and physical training are main
components of multidisciplinary rehabilitation pro-
grammes for COPD patients. In spite of that, e¡ects of
dietary interventionhavenotbeenreportedin studies of
rehabilitation. One reason might be that such reports
are complicated because overweight and malnourished
patients must be reported separately as in the present
study. Moreover, the relation between physical training
and treatment of malnutrition in COPD patients is com-
plicated. Training increases the need for energy and the
demand for energy supplementation to achieve weight
gain.On the other hand, energy supplementation with-
out simultaneous training will probably only lead to in-
crease of fat deposits and not to the improvement of
muscular function.This complicated situation is demon-
strated in the present study. Although it was possible to
increase the energy intake in themalnourished group by
mean 660kJ/day (Table 2), mean weight increase after 1
year was only 0.6 kg.The fat-freemass was stable during
the study year in the UW group, whereas it was slightly
reduced in the UW controls (data not shown). On the
other hand, the combined e¡ect of physical training and
energy supplementation resulted in the increase of 6min
walking distance by 20m which is in line with what has
been reported from similar studies. It is likely that train-
ingwithoutenergy supplementationwouldhaveresulted
in further weight loss. A study comparing training of un-
derweight COPD patients with and without dietary in-
tervention is necessary to answer this question. Our
data, however, indicate that achieving a substantial
weight increase in malnourished patients while they are
being e⁄ciently trained requires large increases in en-
ergy intake. Also group psychotherapymight have had a
complicated e¡ect on the study outcomes. Twenty-nine
patients taking part in this intervention received psy-
chotherapy, which may have led to better results of the
dietary intervention.On the other hand going to group
therapy every second week increased energy expendi-
ture.We did not see any di¡erent outcomes of the diet-
ary intervention in those receiving psychotherapy (data
not shown).Changes in the overweight group were not as
clear-cut. Energy intake was reduced which also led to
a decrease in intake of certain micronutrients. The
intake of vitamins A, E and D did actually reach levels
under what is recommended in Recommended Dietary
Allowances (20). Overweight patients also showed a
tendency towards poorer training results. Hypotheti-
cally this might be due to di⁄culties in combining
training and reducing energy intake. Further research
are needed concerning overweight COPD patients, a
cut-o¡ point for weight-reducing measures at %IBW
4110%may be too low. In fact, overweight has not been
found to have a negative impact on survival in COPD
(18, 21).
If gaining weight or keeping a stable weight while
training is judged as a treatment goal for the dietary
intervention in the UW group, 25 out of 31 patients
(81%) reached this goal. For the OW group only
losing weight must be regarded as the treatment
goal for the dietary intervention and four out of
seven patients (57%) reached this goal. In the NW
group, keeping a stable weight or gaining weight while
training may be considered the goal of dietary counsel-
ling and 22 out of 25 patients (76%) were successful in
this. Although treatmentgoals as de¢ned above are arbi-
trarily chosen, the results of thepresent study neverthe-
less points towards a positive e¡ect of dietary
intervention.
However, e¡ects in the present study are small and it
is obvious that dietary intervention in the present group
of patients is not without problems.The development of
weight in theUWgroup (Table 3), indicates that it is hard
to maintain a continuing e¡ect after 6 months.Changes
from baseline were seen already after 3 months and
thereafter mean weight was stable. Many factors may
contribute to these problems. A positive weight trend
in UW patients might be broken in connection with an
exacerbation of the disease. Many of the patients in the
present study reported a variety of feeding problems.
Several, especially thewomen, were in fact trying to re-
duce their weight or did not want to increase their
weight in spite of being underweight.
One of the challenges in dietary advising COPD pa-
tients is the determination of the energy requirements.
There seems to be an overall agreement that BMR is
slightly increased in COPD. The increase in energy ex-
penditure during physical training is not completely stu-
died. Further research in this area needs to be done to
give patients with COPD adequate dietary advice, and
to be able to see long-term e¡ects of dietary interven-
tion.
This study shows slight, butuniform, indications of po-
sitive e¡ects of dietary intervention in patients with se-
vere, but not oxygen demanding, COPD. Dietary
intervention in underweight COPD patients might be a
prerequisite for physical training.
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